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Crop Water Requirement, Estimation by Remote Sensing & GIS: A Case study of Sidi Bennour (Doukkala, Morocco) AKDIM N.(1), LABBASSI K.(1), MENENTI M.(2) & KHOSHELHAM K.(2) (1)



Department of Earth Sciences, Faculty of Sciences El Jadida, Chouaïb Doukkali University, B.P. 24000 El-Jadida, Morocco, E-mail: [email protected] , [email protected] (2) Delft Institute of Earth Observation and Space Systems, Delft University of Technology, Kluyverweg 1, 2629 HS Delft, The Netherlands, E-mail: [email protected], [email protected] During the last three decades, in the region of Doukkala, draught and demographic growth contributed to the reduction of water resources. Water, ever rarer, needs to be effectively managed. Our objective is to assure a more proficient supervision and management of irrigation, optimizing the use of water in a semi arid zone where it is becoming rarer (Sidi Bennour as the pilot zone). The introduction of high resolution satellite data (Spot HRV: path29, row 284-285, resolution 20m), inter-annual (in November 2000, March 2001 and July 2001) and intra-annual (in November 2000, November 2005, and November 2008) combined with meteorological and agronomical data made the object of spatialization of the simple FAO-56 model. The system of geographical information SIG is a complementary tool to elaborate a geographical database and production of thematic maps of crop water requirements. Preliminary results of spatialization show that the FAO-56 model enabled a reasonable estimation of crop water requirements in the Sidi Bennour area despite its simplicity. We observe that the water allocations are very high compared to the monthly crop water requirements, however, the rate of satisfaction of irrigation water in the irrigated perimeter of Doukkala is below 50%. Among the causes, the loss of water by soil evaporation linked to the inefficient gravity based technique being common in a semi arid climate. This important quantity of water lost by soil evaporation can be saved by a judicious choice of irrigation techniques (drip being one). 1. Introduction. The irrigated area of Sahel-Doukkala (Fig.1) is among the largest and earliest developed areas in Morocco, remarkable for its size and strategic importance for national production, specially sugar beet (38%) and commercialized milk (20%) (Guimmimi, 2004). The region's climate is typically semi-arid to temperate and mild in winter whereas in summer it is generally warm and dry, with a large variability in inter and intra-annual rainfall averaging 316 mm / year. The resources mobilized for irrigation of Doukkala area come mainly from the dam Al Massira, a major water storage structure in the 3 watershed of Oum Rbia with a capacity of approximately 2760 Mm . The most dominant irrigation technique is gravity irrigation (Babakhaye,2004; Bourchich, 2004; Monographie, 2009).



Figure1 : Geographic situation of the irrigated perimeter of Doukkala and pilot zone (District of Sidi Bennour)
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Face to the problem of development and management of water resources, limited and characterized by a geographic disparity and climate sensibility, the necessity of implementing a rigorous management is compulsory, as the current data is rarely exhaustive, obsolete and lacks the spatial parameter. This work aims to resolve this problem.



2. Developing the problem. a. Materials and Methods : We propose in this project to introduce satellite data, being important, with the geographic information system (GIS) to assure a better management of irrigation and ameliorate efficiency (Carlson and Buffum, 1989; Moran er al., 1997; Luquet, 2002). The use of multi-date satellite data of high resolution (SPOT HRV) intra and inter-annual, permits us to spatialize and follow the evolution of the different variables necessary to the estimation of the estimation of crop water requirement Satellite data used in this study, are SPOT HRV multispectral images (path 28-29, row 284-285, resolution 20m), corrected geometrically in relation to a topographic map (1/50 000), Georeferenced in the system UTM, WGS-84, zone 29, mosaiqued and cut in CDA (Centre of Agricultural Development). Radiometrically, the images are numerically converted to reflectance. The SPOT images are selected in November and December, during an average rainfall year (2005), dry year (1994), and humid year (2008). The intra-annual study is realized for the year 2000/2001. The combination of satellite, meteorological, and agricultural was spatialized with the FAO-56 model (Allen et al., 1998), considered simple and practical (Erraki et all,2007). The simple approach of the FAO-56 model calls for different crop coefficients and necessary for the management of irrigation. The model was applied to an agricultural pilot zone of 186 2 Km , in the district of agricultural development of Sidi Bennour areas. According to this model, two parameters are necessary to spatialize in order to produce maps of crop water requirements; crop coefficient Kc and evapotranspiration ETc are needed, For Kc, the equation uses data obtained between Kc and vegetation index (NDVI: Normalized Difference Vegetation Index) accessible via satellite data. Maps of evapotranspiration ETc are established by using the results of crop coefficient Kc and values of reference evapotranspiration ETo calculated with the Penman Monteith equation.



A)



B)



Figure 2 : Maps of crop water requirements of the pilot zone Sidi Bennour (A : intra-annual study; B : inter-annual study) b. Results and discussion : Preliminary results of spatialization show that the FAO-56 model allows to reasonably estimate crop water requirements in the district of Sidi Bennour. This allowed us to compare the crop water requirements and allocations by ORMVAD. We observe that the allocations are much higher that the monthly crop water requirements whereas the satisfaction level in the irrigated perimeter of Doukkala does not exceed 50%. This is due to water loss via evaporation linked to the gravitational irrigation technique predominant in a semi-arid climat. This important quantity of water that is lost could have been saved by a judicious choice in irrigation technique (drip for example).
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3. Conclusions. This study is realized for the first time in the Doukkala region. The results exposed in this work confirm the possibility of remote sensing and GIS to solve the equation of the water balance and help ORMVAD in the reconversion to drip irrigation system, via simple methods and models. Acknowledgements This study was conducted as part of Project Tiger (www.tiger.esa.int ) and have the support of the IFS. References [1] A. Guemimi, modernization of irrigated agriculture’s seminar, Rabat, 19-23 April 2004, (pp.1-10). [2] D. Luquet, Suivi de l’état hydrique des plantes par infrarouge-analyse expérimentale et modélisation 3D de la variabilité des températures au sein d’une culture en rang de cotonniers. Thèse de doctorat de l’institut National Agronomique Paris-Grignon, France, 2002, (pp.167). [3] Monographie de la zone d’action de l’ORMVA des Doukkala. [4] M. S. Moran, Y. Inoue, and E. M. Barnes. Opportunities and limitations for image based remote sensing in precision crop management. Remote Sensing Environment, 1997, (pp. 319-346). [5] N. Bourchich. Gestion de la rareté et valorisation de l’eau d’irrigation, Cas du périmètre des Doukkala, Institut agronomique et vétérinaire Hassan II, 2004. [6] R.G. Allen, L.S. Pereira, D. Raes, M. Smith. Crop evapotranspiration- Guidelines for Computing Crop Water Requirements, Irrigation and Drainage, Paper No. 56. FAO, Rome, Italy, 1998, (pp.300). [7] S. ER-Raki. Estimation des besoins en des cultures dans la région de Tansift al Haouz : Modernisation, Expérimentation, Télédétection. Thèse de doctorat de l’Université Cady Ayyad, Marrakech, 2007. [8] S. Kiama, Exploring application of remote sensing in estimating Crop evapotranspiration: Comparison of S-SEBI Algorithm and adapted FAO-56, Model using Landsat TM5 and Modis, ITC, 2008. [9] T. N. Carlson, M. J. Buffum. Estimating total daily evapotranspiration from remote surface temperature measurements. Remote Sensing of Environment, 1989, (pp. 197-207). [10] Y. Babakhaye. Modernisation de l’irrigation gravitaire dans les Doukkala: Cas d’un tertiaire du casier de sidi Bennour, Institut agronomique et vétérinaire Hassan II, 2004.
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